Physically active lessons aim to increase children's physical activity (PA) whilst maintaining academic time. This systematic review aimed to investigate the methods used in such interventions and their effects on PA and educational outcomes.
Introduction
Physical activity is associated with improved cardiovascular risk factors (Andersen et al., 2011; Cesa et al., 2014) and mental health in children (Biddle and Asare, 2011) . However, the typical classroom is currently inherently sedentary, with obligatory seated lessons contributing greatly to the 7-8 hours a day spent sedentary in children (Esliger and Hall, 2009; Mantjes et al., 2012) . Despite ever-increasing demands on teaching time and school space, no such rigid demands have been made for improved child physical activity (PA) levels (Weiler et al., 2013) . National frameworks to secure time for physical education are currently absent in both the UK (Weiler et al., 2013) and USA (Slater et al., 2012) .
There is evident efficacy for school-based physical activity interventions (Dobbins et al., 2013) .
School environments provide a unique opportunity to ensure physical activity in a maximum number of children over lengthy periods of time (Donnelly and Lambourne, 2011; Rasberry et al., 2011) . A recent Cochrane review analysis found school-based interventions to significantly increase pupils' VO 2 max and their moderate and vigorous physical activity (MVPA) during school hours (Dobbins et al., 2013) . However, authors noted that studies typically found small effects and featured moderate or high risk of bias: proposing a need for further research into school-based PA interventions (Dobbins et al., 2013) . Although teachers may support physical activity interventions, insufficient time is often available to implement them with preference given to academic tasks (Erwin et al., 2012; Ward et al., 2006) .
Physically active lessons are a novel teaching technique that introduces PA into the school learning environment (Centers for Disease Control and Prevention, 2010; Kibbe et al., 2011) . These teacherled sessions aim to incorporate physical activity into the teaching of academic content (Bartholomew and Jowers, 2011) . Physically active lessons are hence distinct from 'activity-' or 'brain breaks' which facilitate bouts of classroom-based PA without educational features (Bartholomew and Jowers, 2011) . The accumulation of short PA intervals during physically active lessons may be more feasible in helping reach recommended guidelines compared to extending recess or physical education (BarrAnderson et al., 2011) .
The combination of movement and learning via physically active lessons follows well-supported associations between physical activity and learning outcomes (Tomporowski et al., 2011) . A significant positive relationship between physical activity and cognition in children has been identified in meta-analytic study, with significant effect sizes of 0.32 (Sibley and Etnier, 2003) . Such findings align with the Executive Function Hypothesis: finding executive function tasks of goaldirected planning to be improved with physical activity (Best, 2010; Diamond and Lee, 2011; Tomporowski et al., 2011) . Physically active lessons also follow the principals of Experiential   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Learning theory: learning through action and experience as opposed to via rote (Kolb, 1984; Kolb et al., 2001 ).
Intervention studies have implemented physically active lessons into various school environments.
However, a review of the effects of these programmes on physical activity and educational outcomes accompanied by detailed quality assessment is yet to be performed. It is important to assess the range of strategies used and results found in this relatively novel area. This systematic review aimed to: 1) assess the current methods used to measure i) physical activity and ii) educational outcomes in physically active lesson interventions, 2) assess observed effects of physically active lessons on i) physical activity and ii) educational outcomes and 3) evaluate the risk of bias in these identified interventions.
Methods

Search strategy & information sources
In March to April 2014, a systematic search for original research articles was conducted using ERIC, PubMed, PsycINFO and Web of Science electronic databases. Abstracts and titles were searched with three separate strings representing: 1) physical activity, 2) class or lesson and 3) children. Figure 1 provides a full search strategy for PubMed which was revised according to the requirements of each database. Researchers' own work and reference lists of included papers were searched. Grey literature was also searched from the websites of two UK and two US organisations involved in child physical activity research: The PRISMA guidelines for systematic review reporting were followed (Moher et al., 2009 ).
Inclusion/exclusion criteria
Randomised and non-randomised intervention studies were sought that evaluated the effects of implemented physically active lessons on physical activity and/or educational outcomes. 1) Physically active lessons: Classroom-based sessions containing both physical activity and educational elements were included. Physical education, physical activity breaks without educational content, after-school and recess interventions were excluded. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 2) Complex interventions: Physically active lessons as part of complex interventions were excluded to isolate the effects of these lessons alone.
3) Study design: Intervention studies that either featured a control group or a baseline comparison phase were included. Studies also featured baseline and post-intervention pupil outcome measurement. Reviews and protocol studies providing no intervention results were excluded. 4) Sample: Child and adolescent samples were included regardless of age. Studies solely investigating special populations (such as disabled or obese children) were excluded as such conditions may have impacted physical activity and educational outcomes differently. 5) English language papers were included.
Papers in press were included. Authors were contacted for full-text papers when related conference proceeding titles or abstracts were found.
Data Extraction
Data extraction and assessment took place between March and April 2014. Paper characteristics including study design, sample characteristics and findings were extracted by one reviewer (EN).
Confirmation was sought from a second reviewer where study inclusion was uncertain. Reported results were assessed in terms of their statistical association (p<0.05) of physically active lessons and physical activity or educational outcomes. Tables of results were developed and presented according to outcomes assessed.
Methodological quality and risk of bias assessment
The Effective Public Health Practice Project (EPHPP) tool (National Collaborating Centre for Methods and Tools, 2008) was used to assess study quality and risk of bias. This six-component rating scale for interventions assesses selection bias, study design, assessment of confounders (e.g gender), data collection methods (reliability and validity) and reporting of blinding, withdrawals and dropouts. Weak, moderate or strong scores were awarded in each category, with an overall rating then applied according to the tool's accompanying instructions. Inter-rater reliability was gained from a second reviewer. Where discrepancies existed, deliberation occurred until consensus was reached .   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 65
Results
In total, 8,021 citations were identified from electronic database records, 16 from reference searches and 2 from grey literature (Figure 2) . Of the included studies, 9 were held in the USA, 1 in China and 1 in New Zealand. Four studies were specifically described as either feasibility (Oliver et al., 2006; Trost et al., 2008) or pilot studies (Erwin et al., 2011a; Graham et al., 2014) .
Sample sizes and demographics
Study sizes ranged from N=21 (Graham et al., 2014) to N=753 (Liu et al., 2008) . A total of N=2137 were tested across the eleven included studies, with N=1544 tested for physical activity levels.
Overall N=657 were tested for educational outcomes, including academic achievement (N=358), ontask behaviour (N=184), intelligence (N=155), reading comprehension (N=130) and session knowledge recall (N=21). Six studies did not report ethnicity (Erwin et al., 2011b; Graham et al., 2014; Liu et al., 2008; Mahar et al., 2006; Oliver et al., 2006; Trost et al., 2008) .
Study design
Eight studies used a controlled trial design (Donnelly et al., 2009; Erwin et al., 2011b; Graham et al., 2014; Helgeson, 2014; Liu et al., 2008; Mahar et al., 2006; Reed et al., 2010; Trost et al., 2008) . Of these, five randomised individual classes to either intervention (physically active lessons) or control groups (Donnelly et al., 2009; Helgeson, 2014; Mahar et al., 2006; Reed et al., 2010; Trost et al., 2008) . Three studies used a pre/post-test design, where all participants undertook a baseline, intervention and post-intervention period (Erwin et al., 2011a; Grieco et al., 2009; Oliver et al., 2006) (Tables 1, 2 & 3). 
Intervention structure
Most intervention periods ran from 13 days to 3 months (Erwin et al., 2011a; Erwin et al., 2011b; Helgeson, 2014; Mahar et al., 2006; Oliver et al., 2006; Reed et al., 2010; Trost et al., 2008) . Two studies featured only one physically active lesson (Graham et al., 2014; Grieco et al., 2009) , with other interventions extending to 9 months (Liu et al., 2008 ) and 3 years (Donnelly et al., 2009) . One study did not report the length of its respective baseline, intervention and post-intervention periods (Erwin et al., 2011b) . The target frequency of physically active lessons during interventions also varied. Some recommended a set number of sessions each week: ranging from one (Erwin et al., 2011a; Erwin et al., 2011b; Mahar et al., 2006) or two sessions every school day (Liu et al., 2008; Trost et al., 2008) , to once a day three days a week (Reed et al., 2010) . Donnelly and colleagues 
Intervention content
Content of physically active lessons varied. Most featured age-appropriate content based on maths, language arts and social sciences (Donnelly et al., 2009; Erwin et al., 2011a; Erwin et al., 2011b; Graham et al., 2014; Grieco et al., 2009; Helgeson, 2014; Liu et al., 2008; Mahar et al., 2006; Reed et al., 2010; Trost et al., 2008) . One study featured virtual walks as the basis for physical activity and educational content (Oliver et al., 2006) : with students recording their steps to simulate travel to cities around New Zealand. Seven studies hosted physically active sessions independent from other lessons (Erwin et al., 2011b; Grieco et al., 2009; Helgeson, 2014; Liu et al., 2008; Mahar et al. 2006; Oliver et al., 2006; Trost et al., 2008) , whereas four modified existing lessons to be more physically active (Donnelly et al., 2009; Erwin et al., 2011a; Graham et al., 2014; Reed et al., 2010) . Accompanying additional equipment for physically active lessons was provided to teachers in some studies.
Resources of activity cards (Erwin et al., 2011b) and notebooks (Donnelly et al., 2009 ) were provided to provide teachers with ideas for physically active lessons. Tracking posters and stickers were provided in one study to enable pupils to record their activity during the physically active lesson programme (Liu et al., 2008) . Another used developed 'Jump In!' mats with 2x2 coloured squares for pupils to jump on corresponding correct answers during physically active sessions (Graham et al. ,   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 2014). Two studies featured sport equipment such as balls or hula-hoops which were already owned by participating schools (Oliver et al., 2006; Trost et al., 2008) .
Six studies provided detailed examples of intervention activities to allow replication (Erwin et al., 2011a; Erwin et al., 2011b; Graham et al., 2014; Helgeson, 2014; Oliver et al., 2006; Trost et al., 2008) . One instead provided a free website link to resources used (Mahar et al., 2006) . To increase intervention compliance; one study charged participating intervention schools $180 to participate (Erwin et al., 2011b) , whilst another rewarded pupils with a free sports centre pass and teachers with unspecified payment (Erwin et al., 2011a) Only two studies featured a notable theoretical rationale for their physically active lesson interventions. Erwin (et al. 2011a ) discuss the Ecological Model (Sallis and Owen, 1997; Sallis et al., 2000) , which describes the importance of social and physical environments on individual behaviour.
The authors hypothesise that teachers can engage students in additional physical activity via its integration into curriculum content. Helgeson (2014) vaguely describes physically active lessons as applicable to 'Brain-based learning theory ' (Caine and Caine, 1991) , which stresses teaching techniques should be grounded in the neuroscience of learning. No studies featured theoretical justifications for their choice of outcomes.
Teacher training and intervention implementation
Most studies described training teachers in the principles of their respective physically active lessons programmes. Training length ranged from weekly timing of unspecified length (Helgeson, 2014) to six hours each school year (Donnelly et al., 2009 ). Training was not described in two studies (Liu et al., 2008; Oliver et al., 2006) . Only two studies involved teachers in the development of their interventions (Erwin et al., 2011a; Graham et al., 2014) .
Teacher records of intervention implementation were used to evaluate processes in four studies. Trost (et al., 2008 ) used a structured checklist, completed by teachers each day. They reported 93% of physically active lessons completed, with 74% meeting the 10 minute activity requirement. Helgeson (2014) also provided a teacher intervention implementation checklist for each of the ten sessions provided. However although sessions were nominally coded as implemented or not implemented; no rates of implementation were provided. Erwin (et al., 2011b) reported daily physically active lesson completion rates of 55%, analysing intervention results into 'compliance' (classes who completed the recommended one session a day at follow-up and post-follow-up) and 'noncompliance' groups. No significant differences in steps taken were found between control and non-compliance groups, whereas significantly more steps were taken in the intervention compliance than control groups   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 (p<0.001). Donnelly (et al., 2009) found target activity rates of between 50-83% in its active curriculum programme. Average active minutes were reported by teachers as lower at the start of each semester, with increases within each school year and across years from baseline to year 3 (p<0.0001).
Reasons for classes completing less than the target number of sessions were not provided. Teachers who reported themselves as more physically active in class, had pupils who were also more active (Donnelly et al., 2009) . Two studies did not feature process evaluations as they featured one-off lessons closely monitored by researchers (Graham et al., 2014; Grieco et al., 2009 ).
Use of sub-groups
Four studies featured sub-groups to analyse outcomes. Only one of these described the selection of these sub-group participants as via random selection (Mahar et al., 2006 ), whereas two others described biased selection by class teachers (Erwin et al., 2011a; Liu et al., 2008) . Donnelly and colleagues (2009) assessed physical activity via accelerometers in a sub-sample of N=167, reporting no significant differences between these and total study participants. Differences between sub-and total groups were not reported in the other studies using sub-groups for activity monitors (N=80; Liu 
Physical activity outcomes
Differences in physical activity between physically active lesson intervention and control groups were assessed in eight of the eleven identified studies (Tables 1 & 3) . Although Reed and colleagues (2010) assessed educational outcomes in both intervention and control groups (see educational outcomes section), they only assessed activity in intervention group participants and so are not included in this PA outcome report. Five studies assessed PA only (Erwin et al., 2011a; Erwin et al., 2011b; Liu et al., 2008; Oliver et al., 2006; Trost et al., 2008) and three assessed PA alongside educational outcomes (Donnelly et al., 2009; Grieco et al., 2009; Mahar et al., 2006) .
Four studies assessed PA with pedometers only (Erwin et al., 2011b; Grieco et al., 2009; Mahar et al., 2006; Oliver et al., 2006) , one with accelerometers only (Donnelly et al., 2009) , one study with accelerometers and a developed self-report PA questionnaire (Liu et al., 2008; Liu et al., 2003) , one with accelerometers and observation (Trost et al., 2008) and one with accelerometers and pedometers (Erwin et al., 2011a) .   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Activity monitors were worn for four (Donnelly et al., 2009; Erwin et al., 2011b) or five consecutive days (Grieco et al., 2009) or for school time throughout the study's duration (Erwin et al., 2011a; Mahar et al., 2006; Oliver et al., 2006; Trost et al. 2008 ). All but one study (Donnelly et al., 2009) assessed PA with devices during school time only, with another assessing activity during physically active lessons only (Liu et al., 2008) . When described, studies reported hip placement for PA devices (Grieco et al., 2009; Liu et al., 2008; Mahar et al., 2006; Oliver et al., 2006; Trost et al., 2008) . Cutpoints and epoch lengths were reported in three out of four studies using accelerometers (not in Donnelly et al., 2009 ). Cut-points used were all child-calibrated and suitable for their respective sample populations (Puyau et al., 2002; Sirard et al., 2005) . One study used separate pedometers to measure total school activity and physically active Maths lesson activity to enable easier analysis Of the seven studies assessing intervention group changes, six found physical activity levels across all intervention group participants to significantly improve following physically active lessons (Donnelly et al., 2009; Erwin et al., 2011a; Erwin et al., 2011b; Liu et al., 2008; Mahar et al., 2006; Trost et al., 2008) . However, one study did not provide statistics to support these claims (Liu et al., 2008) . Of the four studies able to measure activity intensity with accelerometers, two found increased MVPA during the intervention period (Donnelly et al., 2009; Trost et al., 2008) . One study found an improvement of PA levels during the intervention in the least active girls only (Oliver et al., 2006) and was the only study to assess intervention effects on gender. Grieco (et al. 2009 ) only compared PA between BMI groups: finding significantly more steps in normal weight, compared to at-risk or overweight groups. A post-intervention follow-up was only present in one study (Erwin et al., 2011b): finding increased activity to be maintained in physically active lesson participants after a 3-month period (p<0.001). One study assessed weekend physical activity changes between intervention group participants, finding 17% more weekend activity in intervention versus control participants (Donnelly et al., 2009) .
Educational outcomes
Six studies assessed the effect of physically active lessons on educational outcomes. Three assessed educational outcomes alongside PA (Donnelly et al., 2009; Grieco et al., 2009; Mahar et al., 2006) ( Table 3 ) and three assessed educational outcomes only (Graham et al., 2014; Helgeson, 2014; Reed et al., 2010) (Table 2).   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 On-task behaviour was assessed in two studies (Grieco et al., 2009; Mahar et al., 2006) . Again, no difference in knowledge was found between intervention groups. However, authors stress caution over these early findings given the very small, feasibility sample. 
Risk of Bias assessment
Of the eleven identified studies, three were assessed to have low ( 
Discussion
A systematic search of the literature found eleven studies assessing classroom physically active lesson interventions and either a control group or baseline comparison phase. Physically active lessons featured a variety of content, ranging from age-appropriate content based on maths, language arts and social sciences (Donnelly et al., 2009; Erwin et al., 2011a; Erwin et al., 2011b; Graham et al., 2014; Grieco et al., 2009; Helgeson, 2014; Liu et al., 2008; Mahar et al., 2006; Reed et al., 2010; Trost et al., 2008) to virtual walks (Oliver et al., 2006) .
Positive associations between physically active lessons and physically activity were found in all seven studies assessing this relationship: either in all participants (Donnelly et al., 2009; Erwin et al., 2011a; Erwin et al., 2011b; Liu et al., 2008; Mahar et al., 2006; Trost et al., 2008) Findings from this systematic review must be interpreted with caution for a number of reasons.
Firstly, nine out of eleven studies featured no consideration of theory in their development or analysis.
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Future physically active lesson studies will need to assess potential difficulties as part of their development and process evaluation phases (Kibbe et al., 2011) to allow potential barriers to be tackled. Relatedly; only two studies included teachers in the intervention development process (Erwin et al., 2011b; Graham et al., 2014) . Teachers will need to be included at the heart of future physically active lesson development to ensure content is both fun and relevant in the teaching environment (Active Living Research, 2013) . Without this co-operation at the development stage; physically active lessons will be less likely to have the support of teachers and hence less likely to be introduced at curriculum level .   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65
Conclusions
From eleven identified studies, a range of interventions were described to provide a number of ideas for researchers and teachers to adapt or replicate. This review has identified a need for further, larger and more rigorous research in order to firmly ascertain the effects of physically active lessons. Future interventions in this area must be developed with teachers and the school environment at their core:
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